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1. Introduction
Requirements for NR band n12 have been completed and are specified in 38.101-1; however, it was observed in [1] that the reference sensitivity may require further study, especially for the 15 MHz channel bandwidth.  This contribution considers the Tx-Rx separation as a guide to restrict the uplink configuration in the reference sensitivity requirement in such a way that the transmitter noise does not dominate the measurement.
2. Discussion

It was observed in [1] that the existing reference sensitivity requirements for Band n12 do not properly take into account the excessive noise from the transmitter.  The contribution further provides Tx noise measurements and computes a reference sensitivity degradation ranging from 1.2 to 4.5 dB depending on channel bandwidth.  The 15 MHz channel bandwidth suffers the largest reference sensitivity degradation of 4.5 dB.  In a corrected analysis, the degradation value have been updated to 0, 0, and 4.2 dB for 5, 10, and 15 MHz channel bandwidths [2].  We concur with the observation that the transmitter noise is not properly accounted for in the requirements; however, it has been customary for reference sensitivity to reduce the uplink configuration to account for excessive noise rather than to relax the reference sensitivity value.  Thus, in this contribution, we propose a modification to the uplink configuration for Band n12.
2.1. Uplink configuration

Reference sensitivity and its associated uplink configuration are shown below.
Table 7.3.2-1: Two antenna port reference sensitivity QPSK PREFSENS 

	Operating band / SCS / Channel bandwidth / Duplex-mode
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Table 7.3.2-3: Uplink configuration for reference sensitivity

	Operating band / SCS / Channel bandwidth / Duplex mode

	Operating Band
	SCS kHz
	5
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The reference sensitivity value and uplink configuration for NR band n12 are extrapolated and scaled or bandwidth from LTE values for Band 12.  However, LTE in Band 12 was limited to a maximum channel of 10 MHz whereas NR allows for up to 15 MHz.  The uplink configuration is limited to 20 RB’s (for 15 kHz SCS) similar to LTE in order to minimize the influence of transmitter noise in the reference sensitivity requirement.  However, this 20 RB limitation was extended for NR to 15 MHz channel bandwidth as well, where the value should be re-evaluated since for the wider bandwidth, the Tx-Rx separation is smaller as illustrated below.
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In the figure above, uplink and downlink channels are illustrated for 5, 10, and 15 MHz channel bandwidths.  The uplink configuration as currently specified is 20 RB’s located at the uppermost portion of the channel.  The downlink is fully allocated.  It can be seen that as the channel bandwidth increases, the noise from the uplink increasingly interferes with the downlink due to the relatively smaller separation.  In fact, it has been presented in the past that a normalized separation, i.e., frequency separation between uplink edge and downlink edge normalized by uplink transmission configuration bandwidth, between the uplink transmission and downlink channel is a useful metric in establishing the uplink configuration for reference sensitivity. 

The normalized separation is computed below.  For this band, it can be seen that aggressive values have previously been assumed since the normalized separations for 5 MHz and 10 MHz channels are 7.1 and 5.7, respectively.  These assumptions were able to be taken since the reference sensitivity noise figure for Band 12 is assumed to be 12 dB allowing flexibility for sharper filter designs.  Nonetheless, maintaining an uplink configuration of 20 RB’s for 15 MHz channel bandwidth leads to an unreasonably small separation of 4.4.  It is proposed to modify the uplink configuration for the 15 MHz channel to 12 RB’s as shown below.  For 30 kHz SCS, an uplink configuration of 6 RB’s is proposed.

	CBW
	5
	10
	15

	Min guard (15 kHz SCS)
	242.5
	312.5
	382.5

	Separation Tx-Rx
	25.5
	20.6
	15.8

	UL configuration (RB)
	20
	20
	20

	Normalized separation
	7.1
	5.7
	4.4

	Proposed UL config
	20
	20
	12

	Proposed separation
	7.1
	5.7
	7.3


2.2. Reference sensitivity

By reducing the uplink configuration as described above to 12 RB’s or lower, the transmitter noise impinging upon the receiver due to spectral regrowth is minimized to not unduly corrupt the reference sensitivity measurement.  However, another factor that arises due to the small Tx-Rx separation is the influence of baseband intermodulation products.  For example, counter IM3 products from the transmitter are able to reach the Rx band.  Also, IM5 products for mixing between transmitted RB’s and their image contribute more noise landing in the Rx.  These terms are not mitigated by reduced uplink configuration.  For example, for a 15 MHz channel located at the upper part of the band, the uplink channel is located 701 – 716 MHz and the corresponding downlink channel at 731 – 746 MHz.  With a narrow RB allocation in the uplink at the uppermost part of the band, the separation from upper part of the allocation to the LO is approximately 6.75 MHz.  The counter IM3 extends to 5x this separation from the LO, in other words, the counter IM3 extends to 742.25 MHz which is clearly in the middle of the Rx channel.  This same phenomenon was observed, for example, in Band 20 where the uplink configuration was reduced and shifted, and the reference sensitivity was relaxed and in Band 71 where the reference sensitivity was also relaxed.  For this band, we do not propose to shift the uplink configuration; rather, leaving it at the uppermost part of the uplink channel.  This does require, however, that the reference sensitivity is adjusted to account for the counter IM3 product and IM5 between signal and image.
Assuming a counter IM3 level of -60 dBc, -34.9 dBm IM5 noise at the PA output (from [2]), noise from Tx spectral regrowth, the level of the interference at the input to the LNA after duplexer rejection is -83.3 dBm on the primary Rx path.  Compared to the specified reference sensitivity of -92 dBm, the expected degradation is estimated to be approximately 8 dB.
3. Conclusion

In this contribution, the uplink configuration for reference sensitivity of Band n12 is proposed to be modified.  The current requirement of 20 RB’s was copied from 5 MHz and 10 MHz channels, but results in a reference sensitivity requirement that is infeasible to be met due to the small Tx-Rx separation and excessive Tx noise.  Since the reference sensitivity requirement not intended to be dominated by Tx noise, but rather an assessment of the receiver noise, the approach has been to restrict the uplink configuration.  Using a metric of normalized Tx-Rx separation as a guideline, it is proposed to modify the uplink configuration to 12 RB’s and 6 RB’s for 15 kHz and 30 kHz SCS, respectively, for the 15 kHz channel bandwidth requirement.  Additionally, due to the small Tx-Rx separation, a baseband counter-IM3 term from the transmitter and IM5 between signal and its image also corrupt the receiver even when the uplink is reduced.  The impact of the counter-IM3 and IM5 are expected to be approximately 8 dB degradation compared to the existing reference sensitivity specification of 92 dBm.  A draft CR is provided in [3].
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